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俘获，从而了解由 CCl4 到 C60 的形成过程，进而解释其形成机理。本文正是





应，产物经水洗、萃取和重结晶，得到了全取代的 C10Cl8 和 C16Cl10。 
二、C10Cl8 和 C16Cl10 与苯硫酚类试剂钠盐的取代反应，得到了部分取代的产
物和全取代的产物，并得到了其中三个产物的晶体结构。C10Cl8 和 C16Cl10 与
苯酚类试剂钠盐的取代反应，研究了反应时间、反应温度和反应溶剂对取代























Carbon clusters aggregated of carbon atoms ranging in size from several to 
tens for thousands of monomer units are widely researched in recent twenty years. 
While fullerene C60 and carbon nanotubes are the most interesting aspect focused 
on. Although various schemes have been put forward to explain the formation of 
fullerenes, there’re still some experimental results that can’t be explained by any 
single of those theories. The trapping of intermediates and fragments of fullerene 
in the formation process could help us to study the formation mechanism directly. 
The perchlorinated carbon clusters known as perchlorinated condensed ring arenas 
are that kind of fragments, so it is important to separate them from dozens of their 
homologens. In this dissertation we emphasized on the nucleophilic substitution 
reactions of perchlorinated carbon clusters (C10Cl8 and C16Cl10) in order to find 
some ways that may help us in separating process, and the results can be 
summarized as follow: 
⑴ C10Cl8 and C16Cl10 have been synthesized by heating the solid mixture of 
phosphorus pentachloride (PCl5) and naphthalene(C10H8) or pyrene(C16H10) 
respectively in a sealed reaction vessels. Followed by washing, extraction and 
recrystallization pure products can be obtained. 
⑵ Nucleophilic substitution reactions proceeded between perchlorinated 
carbon clusters (C10Cl8 and C16Cl10) and sodium 4-methoxybenzenethiolate and 
sodium benzenethiolate respectively, and three crystal structures were obtained. 
Nucleophilic substitution reactions proceeded between perchlorinated carbon 
clusters (C10Cl8 and C16Cl10) and sodium 4-tert-butylphenolate, sodium 
4-methoxyphenolate, sodium phenolate respectively. And the influence of reaction 
time, temperature and solution effect has also been studied. Nucleophilic 















and C16Cl10) and aqueous ammonia respectively, and the influence of reaction 
time, temperature and catalyst has been researched. 
⑶  Other nucleophilic substitution regents , such as sodium 
ethane-1,2-bis(olate) and diethyl malonate has also been used to improve the 
nucleophilic substitution activity of perchlorinated carbon clusters (C10Cl8 and 
C16Cl10). 
 


















1985 年美国的 Smally、Curl和英国的 Kroto 等[1]在研究激光蒸发石墨
的过程中首次发现了 C60 分子，从此揭开了富勒烯化学研究的序幕，三人

















而成，即“富勒烯道路” 。1993 年，UCSB 的 Gertvon Helden 、Nigel Gotts
和 Mike Bowere 又提出了所谓“大环道路” [6]：首先由线性碳链转变成大
环，这些平面环可能使单周环、双周环甚至三周环；再由生长到较大尺度

















的中间体— 小尺寸碳簇。故本文首先对一些与富勒烯 C60 密切相关的小尺
寸碳簇的合成、分离及化学反应研究作一个回顾。 
 










C60 形成过程中的中间体。本组的 S.Y.Xie 等合成并分离表征了具有笼状结
构 D5h 对称性的新型富勒烯碳簇 C50Cl10，其结果发表在 2004 年 4 月 30 日
出版的 Science 杂志上。 
以往的各种合成方法，都采用了诸如电弧、微波等离子体、激光等极
端的物理方法，造成产物的种类繁多，而且各种产物的含量分布不均，以













































































图表 1 色质联用质谱总离子流图Ⅰ 
0 10 2 0 30 4 0 50 60 7 0
Retention Time (min)
(a)   toluene : methanol = 30:70 




































图表 2 色质联用质谱总离子流图Ⅱ 
显而易见，只有化合物的组成信息远不足以证明富勒烯的形成机理，























































图表 3 具有一维链状结构的配位聚合物 
在与 Ag+离子配位得到的晶体结构中，观察到了两条配位聚合物链之间的 S
－S 相互作用，其 S－S 间距为 3.57Å，小于通常认为的 S－S 键范得华半
径（3.6 Å），被认为得到了具有二维网状结构的配位聚合物。 
 
图表 4 具有二维网状结构的配位聚合物 
1.2.2 偶联反应 















































图表 5 Heck 反应的催化机理 
本小组也曾尝试将该反应移植到全氯代多环芳烃与取代烯烃的反应上，并
就温度、碱的种类、反应时间等方面作了初步探讨。 












































工作以 Scott L.T.的研究小组的工作为代表，他们应用 FVP 技术实现了心轮
烯（C20H10）的三步合成[54]，而此前由 Barth 和 Lawton 完成的合成由 17
步反应得到[55,56]，  
O O O O
2,4,6-heptanetrione,
norbomadiene PCl5 Cl Cl
FVP,1100℃
 
其中最后一步的产率可达 35％－40％。在 2002 年，Scott 小组甚至通过设
计合成的前驱体 C60H27Cl3 经 FVP 条件得到了微量的 C60（0.1－1％）[57],
































且 HPLC 方法对进样量的限制也极大的增加了工作量。 
由上述文献报道不难看出，全氯代碳簇具有一定的化学反应活性，根
据我们的经验，碳簇的碳原子数越多，其反应活性越大。本研究小组的研究
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